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Abstract 
The paper describes a GIS approach to identify the most suitable areas for 
growing the Paulownia tree in the Province of Bergamo; this work will be-
come the subject of a dissertation thesis at the School of Engineering of the 
University of Bergamo. Paulownia is quite an ancient tree, well known espe-
cially in the far east countries, for its wonderful flowers and the quality of the 
wood which is a source of certain profit. The paper is focused on the employ-
ment of the Paulownia tree against air pollution, since its big leaves absorb 
high amounts of CO2 in the atmosphere and can capture the small particles of 
pollutants in the air ten times more than any other tree species. First, the 
analysis identifies the most favourable areas for its growth in the Province of 
Bergamo. Secondly, among the latter, the analysis detects the strategic areas 
for its growth near the most polluted zones. Finally, a quantitative evaluation 
is carried out about the trees contribution against pollutants in the atmos-
phere. 
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1. Introduction 

The problem of air pollution is of great interest nowadays, since many kinds of 
dangerous emissions flow directly in the air we breathe. The consequences are of 
great danger for human and animal health and the number of ill and dead peo-
ple is increasing also with a lack of the needed control, information and inter-
vention by the authorities. Of course also the environment and cultural heritage 
are endangered by this phenomenon. 
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The cause is mostly anthropic and so we are directly responsible for what is 
happening in many places in the world. 

For this reason, the idea developed in this study has been to identify a possible 
green solution that could help to improve the current situation. The suggestion 
of the Paulownia tree has come from one student of the GIS course at the Uni-
versity of Bergamo, School of Engineering. The proposal shows that young peo-
ple are deeply concerned about environmental issues and they are worried for 
their future. This is important, since a conscious approach is needed and infor-
mation has to be spread. 

The area selected for the analysis is the Province of Bergamo, since in our 
University the students mostly live in the town of Bergamo and the surrounding 
valleys, and also because air pollution is a crucial issue also here, due to human 
action and particular terrain morphology and climate conditions. The first step 
has been to identify other studies suggesting the use of this tree against pollu-
tion, but the only found reference is that of a Russian company, called “Envi-
ronmental Investment” [1] [2], which cultivates these trees for commercial in-
vestment, but it also takes into account the ecologic side, by suggesting that 
highly polluting companies should plant these fast-growing trees on the territory 
of their factories for quick and effective compensation of environmental impacts 
[1]. So, it has been decided to start a new approach suggesting the employment 
of this specific tree against pollution as an example to be followed by many. 

2. The Paulownia Tree 

Paulownia, also known as empress or kiri tree, has its origins in central and 
western China. Historical records indicate that it was highly prized for its me-
dicinal, ornamental, and timber uses [3] [4]. It is characterised by wonderful 
purple scented flowers (Figure 1) and very big leaves which reach the size of 60 
cm and more (Figure 2). 
 

 
Figure 1. A street hedged with wonderful Paulownia trees [7]. 
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Figure 2. The big Paulownia leaves [8]. 

 
The Paulownia tree existed in North America prior to the last ice age [5]. The 

seeds of the tree were not introduced to the West until 1834 and it did not take 
long for the empress tree to spread [4].  

The genus was named Paulownia after Princess Anna Pavlovna of Russia, 
daughter of Tsar Paul I of Russia [3]. By tradition in Japan, when a girl child is 
born, a Paulownia tree is planted for her and, when she gets married, her wed-
ding chest is built from the tree. Japanese people also believe that the tree should 
be planted next to the house so that the Phoenix would come to protect them 
and bring good luck [6]. 

The Paulownia tree originally grew only in mild climates. In time, some labo-
ratory researches have allowed to artificially select new species of Paulownia 
which can adapt to cold winters and dry summers. The tree can now grow in 
places with higher temperatures and also at higher latitudes, which means colder 
regions. It is important to underline, as it will be explained later, that air pollu-
tion is responsible of the rising of the air temperature of our planet. Other genetic 
modifications allowed to obtain a better, fast growing, light and highly-prized timber 
which is much appreciated for commercial purposes and business plans. 

Because of its fast spreading, in some US states [9] Paulownia is classified as 
an invasive plant, due to the huge quantities of seeds produced and rapid grow-
ing. It may become invasive, but it is still classified as not invasive in Europe and 
in other countries in the world [9], even if it must be contained so as to prevent 
the problem. 

However, many laboratory studies and manipulations have provided species 
of cloned Paulownia which produce sterile seeds, this way bypassing the prob-
lem [10]. 

Anyway, the tree, with the purpose of a remunerative harvesting plan, is 
spreading in the world, because of the fast growing, high prized timber which 
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allows to achieve high profits in a relatively short time [11]-[16]. It is also known 
that the former US President Jimmy Carter grows about 15 acres of Paulownia 
trees in his farm in Georgia [17] [18] [19] [20]. 

2.1. Benefits and Use of Paulownia Trees 

Many benefits and uses can be derived from the Paulownia trees and they are 
described hereafter [8] [21] [22] [23]. 

Ornamental Use—The tree has wonderful purple scented flowers and big 
leaves which provide shade. 

Forestry—The wood is fast growing and fire resistant (University of Texas 
states it is fire-resistant up to a flashpoint of 477˚) [23]. For this reason, Pau-
lownia trees could be planted in areas devastated by fire. 

Soil environmental issues—Paulownia is capable of adapting, growing and 
developing in poor soils, this way improving and recovering them [21]. The 
huge leaves of Paulownia, which reach over 60 cm in diameter, after falling to 
the ground, fertilize the soil with their high nitrogen levels. The tree can help in 
case of soils polluted with heavy metals and harmful substances, by absorbing 
them. It is also useful for waste water and erosion control: the big roots grow 
and expand rapidly, allowing to absorb polluted water and to consolidate the 
soil. It can be used also as windbreak.  

Air Pollution—Paulownia helps to clean the air polluted by harmful gases 
and particles, which reach high concentrations, especially in large industrial cit-
ies. Paulownia can absorb 10 times more CO2, necessary for its metabolism, than 
any other tree species, releasing large quantities of O2 through photosynthesis 
[21]. 

Each acre of trees can absorb 13 tons of harmful CO2 gases and particles from 
the air each year and each tree can release about 13 lbs of oxygen per day [23]. 
All this is made possible by the big leaves of the Paulownia tree that, for this 
reason, can be described as the “green lung” of our cities [8]. The wood can also 
be used to produce biomass, for fuel and for heating, which shows an interesting 
ecological property, since it emits the lowest amounts of harmful substances if 
compared to other materials used in the power industry [21]. 

Medicine—The pharmaceutical industry produces medicines based on Pau-
lownia with a good action for the liver, kidneys and lung diseases [8]. 

Commerce—The wood is very light, it does not warp, crack or twist. It is used 
for furniture, musical instruments, doors, mouldings, window frames, poles, 
pulp, paper, veneer, plywood, cladding. It is a worthy investment since the tree 
can be harvested in five to seven years and then it regenerates from the stumps. 

Food—Honey can be produced from the flowers (most of the honey from 
China comes from the Paulownia tree), tea from the leaves and the flowers can 
be eaten. The tree is, as just said, a melliferous plant [24], so it can favour the 
spreading of bees, which are nowadays highly endangered by human activities.  

Fodder—The big leaves, with high values of proteins, can be used as food for 
animals. 
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According to the interesting properties of Paulownia just described against 
pollution, a thorough search has been made so as to identify other studies which 
suggested the use of this tree for improving the air quality by many of the dan-
gerous emissions which pollute the atmosphere. The only case we found is re-
lated to a Russian company, called “Environmental Investment” [1] [2]. The 
company has set up a biotech nursery for cultivating seedlings of this 
fast-growing tree to be sold to different customers and for different purposes. 
Here both the economic investment and the ecologic side are taken into account. 
This is well demonstrated by the words of the CEO of “Environmental Invest-
ment” Svetlana Nikulenkova: “We recommend that large companies-pollutants 
plant the fast-growing trees on the territory of their factories, establishing parks 
and squares, creating recreation areas, to plant the trees along the roads and 
highways for quick and effective compensation of environmental impacts” [1]. 
Nothing more has been found about the employment of this specific tree against 
pollution. The paper hence starts a new research path, also with the hope that it 
might become an example and suggestion for many others in the world. Of 
course in Italy there are other species of trees which can absorb CO2 and Ibimet 
[25], i.e. the Institute of Biometeorology of the CNR (National Research Coun-
cil) in Bologna, has started a thorough research in the employment of trees in 
the cities and has identified some interesting “anti-pollution” local plants, such 
as the linden, hawthorn and ash trees [26]. The choice of the Paulownia, instead 
of local trees, in this study, is based on its interesting properties, previously de-
scribed, against air pollution, since Paulownia can absorb 10 times more CO2, 
necessary for its metabolism, than any other tree species, releasing large quanti-
ties of O2 through photosynthesis [21]. 

2.2. Climatic and Soil Conditions for Growing Paulownia 

The ideal climatic and soil conditions for growing Paulownia are listed hereafter 
[27] [28]. 

Temperature—For the new selected varieties of Paulownia, the suggested 
range is between −24˚C and 45˚C. The original ones adopted only to milder cli-
mates, as previously said. 

Rainfalls—Soil and air humidity are very important for growing Paulownia. 
The suggested yearly average rainfalls should be above 800 mm. Insufficient wa-
tering slows the growth but does not kill the plant. For optimal growth, during 
the first months of growth, it is crucially important to water each plant with 20 
litres per week.  

Wind—Paulownia needs to be planted in areas where winds are not stronger 
than 28 km/h, since wind is dangerous for young plants. 

Altitude—The ideal height is about 700 - 800 m, especially to be easily 
reached by vehicles, but Paulownia well adapts up to 2000 m. 

Aspect—The best aspects are South, South-West and South-East, i.e. the areas 
with more solar exposure. 
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Soil PH—The soil PH should range between 5 and 8.9. In this analysis the 
range has been selected between 5.5 and 8, as suggested by other more stringent 
requirements [6] [29]. 

Soil texture—Paulownia is a highly adaptive species and grows well on many 
types of soils. However, the most appropriate and recommended soils are light, 
well drained and sandy soils with or without slopes. Clay and soaked soils must 
be avoided. Soils with more than 25% of clay and porosity under 50% are not 
recommended. 

Soil Depth—Young Paulownia plants grow well when the soil depth is at least 
1.5 - 2 meters. 

Soil Salinity—Paulownia does not tolerate salinity over 1%. 
Soil OC quantity—Soil carbon is present in two forms, inorganic an organic. 

Organic Carbon, indicated with OC, represents about 60% of the organic sub-
stance in soils and it has a positive influence on many soil properties and it can 
be found in its first decimetres. It allows the aggregation and stability of soil par-
ticles and improves the soil fertility by incrementing the microbic activity and 
the availability of nutritive elements such as azote and sulphur. The minimum 
level of OC for an acceptable soil is 1% [30] [31]. 

3. Air Pollution 

Air pollution is defined as the “presence in the air of some substances at such 
levels to cause negative effects on men and animal health, environment and cul-
tural heritage” [32]. The air we breathe is highly precious and it should be a 
common purpose to make it better. This is an important issue and many events 
happening in the world are cause of worry, such as the rising of the Earth tem-
perature, the melting of glaciers, diseases, etc. There is also some good news, like 
the new green project which is going to be realized in China in a short time: 
Liuzhou Forest City [33] [34] (Figure 3) will be built in the north of Liuzhou, in 
the mountain area of Guangxi, in the southern part of China. China, with its 
 

 
Figure 3. Liuzhou forest city by Stefano Boeri [36]. 
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huge metropolises, is a country with the highest rates of air pollution, but recent 
policies are oriented toward green solutions; in fact, this new project is commis-
sioned by Liuzhou Urban Planning Municipality. The Italian architect Stefano 
Boeri [35] has planned a scheme for a green vertical city solution and it is under 
construction in an area that covers 175 hectares along the Liujiang river. In total, 
the City will host 40,000 trees and almost 1 million plants from over 100 species. 
It will provide homes for 30,000 people, across a variety of residential areas, and 
also commercial and recreational spaces, two schools and a hospital. It will be 
connected to Liuzhou through a fast rail line serviced by electric trains. Mr. 
Boeri estimates that the greenery, diffused not only in the parks and gardens or 
along the streets, but also over building facades, will absorb nearly 10,000 tonnes 
of CO2 and 57 tonnes of pollutants per year, while also producing approximately 
900 tonnes of oxygen. It will also contribute to decrease the average air tem-
perature, and to create noise barriers [36] [37]. 

Air Pollution in the Province of Bergamo 

The territory taken into account in this paper is the Province of Bergamo [38] 
(Figure 4), which covers an area of about 2750 km2, located mostly in the central 
part of the Lombardy mountainous region, with Alps and hills, and in a little 
part of the Lombardy Plain. Its morphology (Figure 5) well reflects this hetero-
geneity, since it is 64% mountains, 12% hills and 24% plane. 

In a wide part of the Lombardy region and in the whole Padana Plain, like 
other Italian and European regions, the air quality is poor; it is certainly better 
than in the past years, since some dangerous pollutants have nearly disappeared, 
but others are now reaching high levels, such as particulate matters (PM10 and 
PM2.5), azote oxides (NO2) and ozone (O3).The causes can be found in the high 
level of urbanization and industrialization of the territory. Also the geographical 
and climatological conditions are not favourable, being the Padana Plain sur-
rounded by mountains and characterized by light wind and high atmospheric 
stability. The situation is also aggravated by our planet climate change which, in 
 

 
Figure 4. The Province of Bergamo in northern Italy [39]. 
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Figure 5. The Province of Bergamo morphology [40]. 

 
the Lombardy Region, causes less winter rainy days, which can clean the atmos-
phere mostly from the particulate PM10 and PM2.5, and provides more summer 
sunny days, this way improving the formation of all the pollutants favoured by 
the solar radiation [32]. The Province of Bergamo is concerned about the high 
levels of air pollutants reached in recent years and it has started a policy toward 
green solutions. In the town of Bergamo nearly 8000 trees of different species 
can be found and, recently, 700 more have been planted along the streets [41]. 
According to Istat (National Institute of Statistics), Bergamo has an availability 
of urban green of 17.4 m2 per capita. This is a relatively low endowment, but in 
recent years much has been done to improve the situation: in 2011 for each citizen 
there were 15.2 m2 of green, while in 2014 they had raised to 18.4 m2. The inten-
tion is to work and make Bergamo a greener city [42]. The analysis developed in 
this paper, about air pollutants in the Province of Bergamo, is described below. 

4. The Project 

The work developed so far has aimed at identifying the best places to grow the 
Paulownia tree in the Province of Bergamo, according to the criteria described 
above. 

They are as follows: 
Elevation—not above 800 m; actually, Paulownia can adapt well up to 2000 

m, but it has been decided to set this lower threshold because the plantations 
would be easier to reach and, most of all, since the aim of the research is to find 
the best fitting areas to grow these trees so as to fight air pollution and, as it is 
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well known, pollution reaches the highest values in the plain and hills, but not so 
much at higher altitudes, i.e. the mountain regions. 

Aspect—South, South East and South West areas. 
Rainfalls—more than 800 mm per year. The results will prove that the mini-

mum quantity is by far exceeded for the Province of Bergamo and for this reason 
this layer will not be considered for the final analysis. 

Temperature—since the suggested range is between −24˚C and 45˚C and in 
the Province of Bergamo the temperature never exceeds this value, this factor 
has not been taken into account. 

Wind speed—not over 28 km/h. For this reason, the wind map has been de-
veloped for the Province of Bergamo, as it will be later explained, but the results 
will confirm that wind is not an issue in the selected area. 

Soil texture—loam, sandy loam and silt loam soils are suggested. Besides the 
soil texture requirement, also the soaked soils must be avoided and for this rea-
son also a new layer has been derived by applying the union tool, in ArcMap, to 
the shapefiles: areas at high vulnerability for water resources, flood and outflow 
prone areas and the PAI (Plan for hydrogeological asset of the Po basin) layers 
(A, B and C brackets) which show the borders of the Po river and its main 
tributaries. In this case, only the C bracket has been used, since it outlines a 
wider area, around the A and B ones, prone to flooding.  

Soil PH—between 5.6 and 7.9. 
Soil depth—more than 1.5 m. 
OC quantity—minimum 1%. 
Salinity – the tree needs soils with salinity non above 1%; for this reason, the 

information about salinity in the Lombardy region has been derived from the 
ERSAF (Regional Agency for the Services to Agriculture and Forests) website 
[43] as a pdf document [44]. As it is shown in Figure 6 and explained by 

 

 
Figure 6. The salinity map of the Lombardy region by ERSAF [44]. 
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ERSAF, in the Lombardy region there are no saline soils nor zones prone to 
salinization risk. The level of salinity in the map is measured in mS/cm, which is 
the electric conductivity in millisiemens per centimetre, and not in %, but the 
figure well shows what just said and, for this reason, salinity has not been taken 
into account, since in this region this is not a problem. 

Land Use—It has also been decided to take into account the DUSAF (Agri-
culture and Forest Soil Destination of Use) 4.0 land use shapefile, so as to focus 
the search only in areas with specific land use requisites that will be described 
later. 

The two following listed subjects have been analysed, as possible criteria to 
identify the best fitting areas, but then have been discarded for the reasons ex-
plained: 

Slope—the tree grows independent of the terrain slope. 
Geology—at first it had been thought to discard calcareous terrains, by se-

lecting them in the shapefile Geology of the Province of Bergamo, since it is 
known that usually many trees do not usually grow well here for the poorness of 
nutrients in the soil, but the Paulownia tree does not mind calcareous areas. 

5. Data Management 

According to the criteria selected above, all the layers, useful for data processing, 
have been downloaded from the Lombardy Geoportal [45] as shapefiles, all in 
the WGS84 UTM Zone 32N reference system. Only the rainfall and wind speed 
layers are not available in the Geoportal and therefore their maps have been de-
veloped by collecting the data from the ARPA (Regional Agency for the Envi-
ronment Protection) Lombardia website [46] and by manipulating them ac-
cording to the procedure described below. 

5.1. The Rainfall and Wind Maps 

The rainfall amount (mm) and wind speed (m/s) maps cannot be found in the 
Geoportal. For this reason, a selection, collection and processing work has been 
carried out, at last providing two raster maps useful for the final processing: one 
average rainfall map and one average wind speed map in the Province of Ber-
gamo. The final maps are the result of an average calculation in the decade 
2007-2016, for the rainfalls, and only in the year 2016-2017 for the wind speed. 
The lengthy procedure has already been adopted and described by the author 
[47]. It is shortly summarized below: 

1) selection of a suitable number of ARPA Lombardia [48] meteorological sta-
tions (Figure 7) equipped with pluviometers and anemometers well spread in 
the Province of Bergamo area and the surrounding Lombardy Provinces, with 
data missing for no more than 30 days in a year;  

2) downloading of the corresponding Excel files [49] and calculation of the 
average rainfall and wind speed quantity for each station and for each year; 

3) displaying of the stations and their values in Esri [51] ArcGIS ArcMap  
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Figure 7. The ARPA Lombardia meteo stations [49] in Lombardy and ArcGIS Im-
agery Basemap [50]. 

 
10.4 and creation of the corresponding shapefiles which have been then interpo-
lated with the IDW technique through the Spatial Analyst Interpolation tool, 
this way providing one wind speed raster, for the year under examination, and 
ten rainfall rasters for the selected decade, all at 10 × 10 raster resolution and in 
the WGS84 UTM Zone 32N reference system. The best choice would have been 
between Splines and IDW, but the literature shows that IDW seems to provide 
slightly better results than Splines [52]-[57]; 

4) clipping of these layers, which extend over an area larger than the territory 
under investigation, with the Province of Bergamo shapefile through the Spatial 
Analyst Extract by Mask tool, this way providing the final raster wind speed map 
in the year 2016-2017 (Figure 8) and ten rainfall maps which have been then 
averaged with the Spatial Analyst Map Algebra tool, allowing to achieve the final 
rainfall map for the decade 2007-2016 (Figure 9). 

Since the wind speed map (Figure 8) shows that the values in the Province of 
Bergamo do not exceed 4 m/s, it has been decided to discard this layer in the fi-
nal analysis, since wind is not an issue in the selected area for the Paulownia 
growing. As previously said, the young trees do not tolerate wind speed above 28 
km/h, which means about 7.7 m/s. The result confirms what said previously, i.e. 
that the Padana Plain is characterized by light wind and high atmospheric stabil-
ity. 
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Figure 8. The raster map of average wind speed (m/s) in the year 2016-2017 in the Prov-
ince of Bergamo. 
 

 
Figure 9. The raster map of average rainfalls (mm) in the decade 2007-2016 in the 
Province of Bergamo. 
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Figure 9 shows that the lower value for average rainfalls in the Province of 
Bergamo is about 942 mm. Hence it has been decided not to take this layer into 
account, in the final analysis, since the value exceeds the minimum required of 
800 mm per year for growing Paulownia in the best situation. 

5.2. Shapefiles Geoprocessing  

In this step, the ArcGIS Buffer tool has allowed to create a 50 m buffer area 
around the features describing the prone to floods (soaked) terrain in the Prov-
ince of Bergamo. The selected buffer distance is quite large, but it has been de-
cided to set a more stringent condition and for this reason it has seemed a prop-
er compromise. The other requested shapefiles, describing the soil depth, PH, 
OC quantity and texture, have been acquired, in ArcMap, by a selection of 
attributes analysis of the soil map layer of the Province of Bergamo. 

5.3. Raster Layers Selection, Creation and Reclassification 

First of all, all the shapefiles have been converted to raster ones at the same 10 × 
10 cell size as the rainfall and wind maps. The Aspect raster has been derived 
from the DEM one. According to what just said, the final selected layers are 
listed here: DEM Height, DEM Aspect, Soil texture, Soil PH, Soil OC quantity, 
Soil depth, Buffer of soaked areas and Land Use, for a total of 8 files. These are 
all raster layers related to the Province of Bergamo territory in WGS84 UTM 
Zone 32N coordinate system and at the same 10 × 10 resolution. At this point, 
all these files have been reclassified, according to some selected parameters, or 
range of values, as illustrated in Table 1 and Table 2. The reclassification has as-
signed the value 1 to the favourable conditions and the value 0 to the unfavour-
able ones. A more specific explanation has to be made for the Land Use file; in 
fact, it has been decided to select, as favourable terrains, the following ones: un-
cultivated green areas, deteriorated and unkempt areas without vegetation or with 
stones, areas with brushes, lawns, sparse vegetation areas and grasslands. All the 
others types of land cover, like the urban, transport, water, cropland, orchard and 
wood ones have been discarded with the idea that croplands must be kept,  
 
Table 1. The selected reclassification parameters and criteria. 

Layer Reclassification attribute 

Buffer of soaked areas 
Buffer distance > 50 m =1 
Buffer distance < 50 m = 0 

Soil PH 
PH values from 5.6 to 7.9 = 1 

Other PH values = 0 

Soil OC quantity 
OC quantity > 1% = 1 
OC quantity < 1% = 0 

Soil Useful depth 
Useful depth > 1.5 m = 1 
Useful depth < 1.5 m = 0 

Soil Map 
Soil texture: loam, sandy loam, silt loam = 1 

Other textures = 0 

Land Use 
Some selected descriptions of land cover = 1 

Others = 0 
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Table 2. The selected DEM Height and Aspect reclassification parameters. 

DEM Height (m) DEM Aspect° 
Height < 800 m = 1 –1 ( Flat areas) = 0 

Height > 800 m = 0 0 - 67.5 (N/NE) = 0 

 

67.5 - 112.5 (E) = 0 

112.5 - 157.5 (SE) = 1 

157.5 - 202.5 (S) = 1 

202.5 - 247.5 (SW) =1 

247.5 - 292.5 (W) = 0 

292.5 - 360 (NW/N) = 0 

 
the woods already have trees, to be preserved, hydric lands, such as rivers and 
lakes, are not advised for the Paulownia growing and urban areas do not have 
many useful places but parks and gardens. This way, for now it has been decided 
to keep the existing vegetation in woods, parks and gardens, while checking the 
possibility to replace ill and dead trees and the availability of free plots of land 
where to plant the Paulownia trees. Also croplands could be examined so as to 
find some more available terrain. 

6. The Final Analysis and Map  

The final raster processing has been performed with the Spatial Analyst Map 
Algebra ArcGIS Tool, as explained in Equation (1), and it has allowed to identify 
the optimal areas for growing the Paulownia tree in the Province of Bergamo. 

8

1
Paulownia Tree growing Reclassified Rastersi=∏            (1) 

The final raster is function of all the 8 reclassified raster layers (i.e. Reclassified 
DEM Height, Reclassified DEM Aspect, Reclassified Buffer of Soaked Areas, Re-
classified Soil Map, Reclassified Soil PH, Reclassified Soil Depht, Reclassified Soil 
OC Quantity, Reclassified Land Use) which are multiplied together in the Raster 
Calculator. 

The result of Equation (1) is illustrated in Figure 10 and it shows that 7.5649 
km2 of terrain, which means the areas identified by the number 1 in the legend, 
could be used to grow the Paulownia trees in the most favourable soil and cli-
mate conditions in the Province of Bergamo. In fact, the best areas have been 
returned with a value of 1, while the not favourable ones with the value 0. It is 
important to remember that these are the best fitting areas for the tree growth 
and they could be made more extensive if taking into account less stringent 
requirements. 

7. Use of the Identified Best Fitting Areas  

At this point, it has been decided to examine the air quality condition in the 
Province of Bergamo [58] and the possible use of the Paulownia tree to improve 
the present situation. 
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Figure 10. The product of the 8 reclassified raster layers. 

 
According to the European and Italian low, each region has the power to di-

vide its territory in zones and agglomerations, in which the object and limit val-
ues of the air quality must be checked [59]. The classification in zones and ag-
glomerations is provided for by the law D. Lgs. 13 august 2010, n. 155 [60]. 
According to the law, the Lombardy territory is divided in areas homogeneous 
for the air quality evaluation [59]: 

1) Urban Agglomerations (Agglomeration of Milan, Agglomeration of Ber-
gamo and Agglomeration of Brescia), 

2) Zone A: flatlands with high urbanization, 
3) Zone B: flatlands, 
4) Zone C: rocky chains (Prealps, Apennine and higher mountain), 
5) Zone D: valley bottom. 
For the C Zone there is also a further subdivision in C1 (Prealps and Apen-

nine) and C2 (higher mountain), for Ozone (O3) evaluation.  
Figure 11 shows the last classification (30 November 2011) for the Province of 

Bergamo territory, where the Agglomeration of Bergamo is indicated by Agg_BG. 
By law, it has also been introduced a zone, named Band 1, where special limits 

must be observed; they refer to vehicles traffic flow and the localization of power 
supply and waste management plants [59]. For the Province of Bergamo, the 
Band 1 area matches exactly the Agglomeration of Bergamo and for this reason, 
from now on, it will be identified as Band 1. 

Figure 12 illustrates the Band 1area in the Province of Bergamo which, of  
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Figure 11. Classification of the homogeneous air quality areas in the Province of Ber-
gamo. 
 

 
Figure 12. The Band 1 area in the Province of Bergamo. 
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course, is equal to the Agglomeration of Bergamo. 
It has then been decided to concentrate only on the commons in the Province 

of Bergamo belonging to the so called Band 1 and to analyse the pollutants 
PM10 and PM2.5 levels. 

Particulate matter (PM) [61] is microscopic solid or liquid matter suspended 
in Earth’s atmosphere. It is indicated with PMx, where x identifies the size of the 
particles in µm. 

Heating, traffic, agriculture, etc. are the main sources of particulate pollutants. 
They are classified as highly dangerous for human and animal health and they 

are the cause of the rising number of pulmonary and cardio circulatory diseases, 
as well as of cancer. 

In April 2008, Europe has adopted new law measures (2008/50/EC) which in-
clude the limits of the air quality and pollutants These recommendations, in It-
aly, are represented by the 13 August 2010, n.155 law. These law values and lim-
its [62] [63] for men health are described in Table 3. 

On the other side, industrialization, the changing in land use destination 
(such as deforestation) and human impact are the causes of the fast accumula-
tion of CO2 in the air, which in turn leads to global warming, the melting of po-
lar ice, oceans acidification, diseases, etc. (Figure 13) [64] [65]. 

It is known that Carbon Dioxide is also the cause of the presence of particulate 
pollutants in the air, due to fossil fuel [65]. The burning of fossil fuels, particu-
larly diesel, wood stoves and cooking with wood, emits CO2 and it also releases 
air pollution aerosols (tiny particles suspended in the air/lower atmosphere). 
Black carbon (soot) has a surface warming effect, second only to CO2. The larg-
est source is from burning forests [64]. From the middle of the 19th century up 
till now, the level of CO2 has grown with more than 25%. Before that, such levels 
have not been reached for 1.6 million years (Figure14) [66]. 
 

 
Figure 13. Sources of CO2 emissions [64]. 

 
Table 3. The law limits for particulate matter PM10 and PM2.5 [61]. 

Air Pollutant Daily Limit Yearly Limit 

PM10 
50 µg/m3 for no more than  

35 days a year 
40 µg/m3 

PM2.5 - 25 µg/m3 (since 2015) 
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Figure 14. The increase of CO2 emissions in time [67] [68]. 

 
The choice to concentrate here only on Particulate Matter PMx and CO2 is 

due to the fact that the Paulownia tree, as said before, can contribute to lower 
their dangerous levels in the atmosphere, with the aid of its big leaves. 

ARPA Lombardia has more than 150 stations [69] recording the concentra-
tions of the main air pollutants, among which, PM10 and PM2.5. These data are 
published daily on the ARPA website. 

For this project, the PM10 and PM2.5 data have been downloaded for each 
common, in the Province of Bergamo, belonging to the so called Band 1 (for a 
total of 37), previously described, in the year 2017 [70].  

By law, as said before, the annual limit values for PM10 is 40 µg/m3 and 25 
µg/m3 for PM2.5, while the daily limit of 50 µg/m3 shouldn’t be exceeded for 
more than 35 days a year only for PM10 [71]. 

The data have been downloaded from the ARPA Lombardia website: excel 
files, with daily values of Particulate matter (both PM10 and PM2.5) for the 
Band 1 commons, which are 37 in the Province of Bergamo, in the year 
2016-2017. 

Their yearly average has been calculated and then edited, in ArcMap, in the 
attribute table of the shapefile of the 37 commons, adding one column for PM10 
and another for PM2.5 values. Also another column has been created, which lists 
the number of days, for each common, when PM10 values have exceeded the 
daily limit of 50 µg/m3. 

Figure15 shows that the higher average PM10 value, in the Band 1 commons, 
is about 36.43 µg/m3, which is under the annual law limit of 40 µg/m3, while, for 
PM2.5, Figure16 shows that the annual limit of 25 µg/m3 is exceeded in even 27 
commons, while in 3 it is in the range 23 - 25 µg/m3 and in 7 in the range 21 - 23 
µg/m3. 

Even if the results for PM10 seem to be encouraging, it has been decided to 
take into account the number of days in a year in which the daily limit of 50 
µg/m3 is exceeded, for each common, which should be under 35. It is possible to 
see that only one common respects this limit, while in all the other 36 the num-
ber of recommended days is exceeded. 
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Figure 15. The year average PM10 values in the Band 1 commons of the Province of 
Bergamo. 
 

 
Figure 16. The year average PM2.5 values in the Band 1 commons of the Province of 
Bergamo. 
 

Figure 17 shows that the situation is not good at all also for PM10 and that 
particulate pollutants are an important issue for the Province of Bergamo, since  
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Figure 17. Number of days of PM10 values over the limit in the Band 1 commons of the 
Province of Bergamo. 
 
they are the cause of many diseases for all the people who breathe this polluted 
air. 

No specific analysis has been carried out for Carbon Dioxide (CO2) levels in 
the Province of Bergamo, but of course CO2 emissions need to be taken into ac-
count by default, since they are an extremely important world issue and the 
main cause of air pollution concerns for our planet. 

Starting from the results just achieved, it has been decided to look at the dis-
position of the best fitting areas, previously found, in respect to the Band 1 zone. 

For this reason, the final raster layer has been converted, in ArcMap, to a 
polygon one with only the areas with value equal to 1, which means only the best 
fitting ones. This layer has then been displayed together with the Band 1 shapefile 
of the commons in the Province of Bergamo. Since these commons can be en-
closed in a square box with the side of about 33 km, it has been set a distance 
equal to its 10%, i.e. 3 km. Then, through a selection by location tool, the best 
fitting areas, within this distance, in respect to the Band 1 shapefile, have been 
selected (in cyan in Figure 18).They cover an area of 3 km2 and they could be 
considered as a priority to create a green lung close to the more polluted zone, 
i.e. the Band 1, in the Province of Bergamo. 
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Figure 18. The selected best fitting areas close to the Band 1 commons of the Province of 
Bergamo. 

 
As previously said, each acre of trees can absorb 13 tons of harmful CO2 gases 

and particles from the air each year [23]. Since 1 km2 is equal to 247.105 acres, 
the identified area is of 741.315 acres, this way allowing to absorb 9637 tons of 
CO2 and particles in a year; since each tree can release about 13 lbs of oxygen per 
day [23], the oxygen amount in the air would be highly increased. 

Deciding to take into account, as second step, also the commons of the A 
Zone, which means the flatlands with high urbanization, performing the same 
procedure just described, other best fitting areas have been selected (Figure 19). 
In this case, the distance set to perform the selection by location tool is of 4 km, 
since the A Zone polygon can be enclosed in a wider box with a side of about 40 
km and its 10% corresponds to 4 km. Then, taking into account the previously 
identified areas for the Band 1 zone, it has been possible to identify others (in 
cyan in Figure 19), which cover an extension of 0.87 km2. 

The employment of these new areas could obviously contribute to improve 
the quality of the air in the Province of Bergamo, in fact they could absorb, ac-
cording to the numerical passages just described for the Band 1 commons, about 
2795 tons of CO2 and particles in a year and release very high quantities of O2 
per day. 

Of course there are some best fitting areas left, of about 3.69 km2, which are 
outside the Band 1 and A Zone, and they belong to the less polluted zones in the 
Province of Bergamo; they could be considered as a contribution against pollu-
tion, in a final step, after fulfilling the first and more necessary two steps just de-
scribed before. 
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Figure 19. The selected best fitting areas close to the A Zone commons of the Province of 
Bergamo. 

8. Conclusion 

According to the idea of finding the best areas for growing the Paulownia tree in 
the Province of Bergamo, a specific GIS analysis has been carried out to select 
the most favorable soil and climate conditions. The achieved results show that 
7.5649 km2 of terrain could be harvested with these trees whose big leaves have 
the capability to absorb great quantities of CO2 and particles and release large 
amounts of Oxygen in the air; in fact, as previously said, each acre of trees can 
absorb 13 tons of harmful CO2 gases and particles from the air each year and 
each tree can release about 13 lbs of oxygen per day [23]. These best fitting areas 
could be considered as an opportunity to test the green solution suggested here 
to fight air pollution. Of course, the analysis has been carried out for a specific 
territory, i.e. the Province of Bergamo, but it could be adjusted for any other 
place by defining different climate and soil conditions. This is a first step, be-
cause now this information must be spread to the citizens and municipalities of 
the more polluted commons and decisions must be taken to accomplish what is 
suggested in this paper. By now, it is a hope that a practical action is going to be 
started as soon as possible, but we are positive and trust the people to make the 
right choice and ask for better environmental conditions for now and for the fu-
ture. 
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9. Final Remarks and Future Development 

The previous analysis has allowed to identify the best fitting areas for growing 
the Paulownia tree in the Province of Bergamo. 

They are not wide, but, as it has been said before, less stringent conditions 
could be taken into account and also other different land use areas could be in-
vestigated and evaluated as possible candidates, such as park and gardens in the 
urban areas, where it could be advised to plant these trees on available terrain. 
This could really become a useful approach which would directly contribute to 
absorb pollutants, provide shade and lower temperature in the cities, where traf-
fic and urbanization reach high levels, while displaying their beautiful purple 
flowers and big green leaves. 

Also the enlargement of the soil PH range, selected here, could be considered. 
The results, achieved with the analysis just performed, also show that the best 

places are well distributed in the zones where air is more polluted, which means 
the A Zone and also Band 1, where there are more rigid law limitations against 
pollution [59]. 

Anyway, this is a good start and represents a new contribution against air 
pollution. 

Some other interesting properties of the Paulownia trees could also be consid-
ered, such as their capability to consolidate terrains with erosion and therefore 
areas prone to landslides, as well areas prone to hydrogeological risk. In this 
case, it would be good to raise the altitude limit, considered here, and to take it 
up to 2000 m, where the Paulownia trees can still adapt and live, and also resize 
the buffer area of 50 m, previously selected around the soaked areas, to a smaller 
one. 
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